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Abstract 
Listed energy company is the principal part of the energy market, including the energy investment, energy trade, 
energy operation etc.. Stockholders are the owners of the listed energy companies, whose relationships would affect 
the stability of the energy market directly. In order to analyze the evolution features and stability of the relationships 
between the stockholders, we constructed a generator holding-based structural equivalence network of the 
shareholders based on the primitive affiliation network of the listed companies and their shareholders. The main data 
used in this paper is the semi-annual reports from 2003 to 2012 which contain the information about Chinese listed 
energy companies’ top 10 shareholders. The holding-based network takes the shareholders as the nodes, whether 
holding the same listed energy companies’ stock at the same period as the edges, and the number of the listed energy 
companies holding at the same time as the weights. In this paper, we improved the traditional Heuristic method and 
then found the maximal connected sub-graphs of the holding-based networks in different time domain by the 
improved Heuristic method. The main method and theory used in this paper is complex network, we calculated and 
analyzed the evolution and the stability of the maximal connected sub-graphs. This paper comes up with a new angle 
to analyze the relationships in the energy stock market, and present a new method to analyze the stockholders’ 
behaviors. 
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1. Introduction 
Listed energy companies are very important in the energy market. As the owners of the listed energy 
companies, the shareholders can directly affect the stability of the energy stock market. In a network 
perspective, the relationships among the listed energy companies and their shareholders as well as the 
relationships among the shareholders can reflect the structure of the energy stock market in some extent, 
and as the basic unit of the networks, the structure of the sub-graphs have great effect on the network [1]. 
It is useful for us to analyze the stability of the sub-graphs of the networks in order to do further 
researches about the structure and stability of the energy stock market.  
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Reviewing the literature, we find that ownership structures of the stock market are well documented [2-
3]. However, only a few papers address the indirect effects arising from the so-called “holding-based 
network” of the shareholders. In this paper, we draw lessons from the idea of ‘structural equivalence 
network’ [4] and establish a generator holding-based structural equivalence network (holding-based 
network for short) based on the primitive network which reflects the investment consistence of the listed 
energy companies’ shareholders. We first presented a detailed description of the improved Heuristic 
method. Then, we found out the maximal connected sub-graph by the improved Heuristic method, and 
then we analyzed the stability and evolution of the holding-based network as well as the maximal 
connected sub-graph. Finally, we made the conclusion on the basis of the results of the analysis. 
2. Data and methods  
2.1. Data 
The data used in this paper are mainly get from the CSMAR Financial Research Database 
(http://www.gtarsc.com/). The selected documents include the semi-annual report of the Listed Energy 
Company List and the Main Stockholders List of the Shanghai stock exchange and the Shenzhen stock 
exchange from 2003 and 2012. The Listed Energy Company List contains the Stock Code and the Listed 
Company Name, the Top10 Stockholders List contains the Stock Code, the Stockholder Name, the 
Stockholding Rate and the End Date. To analyze the data more effectively, we deleted the duplicate items 
and transferred the Listed Company Name and the Stockholder Name into codes, each code represents a 
unique company. 
2.2. Methods 
In this paper, we first construct the holding-based network takes the shareholders of the listed energy 
companies as the nodes, whether holding the same listed energy companies’ stock at the same time as the 
edges, and the number of the listed energy companies holding at the same time as the weights. 
A sub-graph in the holding-based network represents a group in which the economic agents are well 
connected by shareholding. There are lots of algorithms used for searching the sub-graphs [5-6], in this 
paper we chose an algorithm developed by Vincent et al. named the heuristic method[7], and improved it 
considering the characteristic of the holding-based network. The traditional heuristic algorithm regards 
modularity as a variable, which is divided into two phases that are repeated iteratively. First, we assume 
each node of the network of N nodes is a group. Then, we consider the neighbors j of each node i to 
calculate the gain of the modularity when moving i from its own group to the group of j. If the gain is 
positive, we move i to the group j. If there is no positive gain, i stays in its own group. This process was 
carried out repeatedly and sequentially for all nodes until a local maximum of the modularity was attained. 
We then moved on to the next phase. The gain in modularity 'Q obtained by moving the node i to group 
C can be computed by the following equation: 
                                             
(1) 
 
where ěin is the sum degrees of all the links inside C, ětot is the sum of the degrees of all the nodes in C, 
ki is the sum of the degrees of i, ki,in is the sum of the degrees of the links from i to all the nodes in C, and 
m is the sum of the degrees of the network. 
In the second phase, we build a new network whose nodes are the groups found during the first phase 
above. The degrees between two different groups are given by the sum of the links between the nodes of 
two groups. Links between the nodes of the same group are regarded as self-loops in the new network. 
Once the second phase is completed, it is then possible to return the first phase of the algorithm to obtain 
a new network and iterate until there are no more changes and a maximum of modularity was attained. 
In the improved phase, we marked the groups divided by the two phases above, and recorded the 
attribute of each groups, then we estimated whether there are any link between different groups,  if true, 
the two groups would be combined, if not, the process would be moved on and carried out repeatedly. 
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The improved heuristic method is applicable to the network with many independent groups, and would 
help to find out the maximal connected sub-graph. 
Then we chose auto-correlation function developed by Palla G et al. to analyze the stability of the 
maximal connected sub-graph and whole network. The stability coefficient can be calculated by the 
following equation: 
 
                                                                                                                            ˄2˅ 
 
Where Ct  is the nodes stays in group C at the time t, and Ct-1 is the nodes stays in group C at the time t-1. 
3. Calculation and analysis  
3.1. The structure of the holding-based network 
According to the construction method of holding-based network, to each of the stock, it can be build a 
equivalent fully connected sub-graph with maximum 10 points, and the network is superimposed by 
several fully connected sub-graph with equivalence relations. Fig. 1. shows the generator holding-based 
network. 
3.2. The maximal connected sub-graph of the holding-based networks 
First, we divided the holding-based network by the traditional heuristic method, and Fig.2 shows that 
there are some sub-graphs have one or more links between each other, so we used improved heuristic 
method to find the maximal connected sub-graph further, so that we can combine the sub-graphs which 
have one or more links into one sub-graph. In Fig.3, we can see that each white and green grid  represents 
a sub-graph divided by the traditional method, and all the green grids represent the combined maximal 
connected sub-graph found by the improved method. 
    
Fig. 1. the holding-based network(t=20)                                               Fig. 2. the maximal connected sub-graph 
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Fig. 3. trellis diagram of communities                                     Fig. 4. the stability coefficient and its differences of the 
maximal connected sub-graph and the network  
448   Huajiao Li et al. /  Energy Procedia  61 ( 2014 )  445 – 449 
3.3. The stability analysis of the holding-based networks 
According to the calculation result, the nodes and edges of the maximal connected sub-graph takes a 
great percent of the overall network. Therefore, we analyzed the stability of the overall network and the 
maximal connected sub-graph respectively. In the maximal connected sub-graph, the stability coefficient 
represents the extent of the similarity of the shareholding behaviors, and it indicates that the greater the 
stability coefficient is, the stronger the similarity of shareholding behavior will be, which means the 
holding-based relationships will be more stable. For the overall holding-based network, the stability 
coefficient represents the relationships among the top10 stockholders. With a great stability coefficient, 
the relationships among the stockholders will be more stable, and there will be no sell-off or reduction of 
shareholding, and vice versa. 
Fig.4 shows the changes of the stability coefficient and its differences between the maximal connected 
sub-graph and the holding-based network. According to the figure, it can be found that most of the 
stability coefficients for the maximal connected sub-graph are lower than those of the holding-based 
network. However, the differences of the stability between them are decreasing as the time goes by. The 
analysis of the stability coefficient indicates that the top10 shareholders of the listed energy corporation 
keep a stable shareholding behavior without sell-off or cuts its holdings significantly. Moreover, the 
relationships between the members out of the maximal connected sub-graph are much more stable than 
that of the maximal connected sub-graph. As the time has passed, the gap has been narrowed, which 
means that the consistency of the shareholding behaviors of the top10 shareholders improves gradually 
and the investment diversity reduce constantly. 
4. Discussion and Conclusion 
In this paper, we constructed a generator holding-based structural equivalence network (holding-based 
network for short) based on the primitive network which reflects the relationships between the listed 
companies and their shareholders. The holding-based network in our paper takes the listed energy 
companies as nodes, whether holding the same listed energy companies’ stock at the same time as the 
edges, and the number of the listed energy companies holding at the same time as the weights. We 
constructed an improved algorithm based on Heuristic method to find out the maximal connected sub-
graph. And then, both the evolution of the maximal connected sub-graph and the holding-based network 
and the stability of them were calculated and analyzed by the autocorrelation function. Eventually, the 
main results and conclusions are as follow: 
Firstly, the consistency of the holding behaviors of the listed energy companies’ top10 shareholders 
was low before 2008, diversification in the energy stock market was a very common phenomenon then. 
However, the consistency of the holding behaviors increases gradually after 2008 and many new 
members appear in the maximal connected sub-graph from the non maximal connected sub-graph or from 
the external of the network. The stability of the maximal connected sub-graph increased steadily. 
Secondly, the top10 shareholders show stable holding behaviors trend from 2003 to 2012. Some 
shareholders remained stable consistency of holding behaviors. At the same time, the changes of the new 
shareholders who came in or out of the network were also relatively stable. 
Thirdly, the stability of the top10 shareholders’ diversified investment are better than that of the 
consistent investment from 2004 to 2012. However, the consistency of the holding behaviors increased 
gradually whereas the diversification behaviors reduced.  
This paper provides the basis for the equivalent network construction and empirical study of energy 
stock market. We improved the Heuristic algorithm based on the independent communities, which 
provides a novel method for finding the maximal connected sub-graph, and for the researches about the 
investment behaviors as well as the stability of energy stock market. In the study, we just considered the 
stability of the members and the un-weighted shareholding relationships without considering the number 
of holdings. In our further study, we will apply the robustness theory to the research on the stability of the 
holding-based network by considering the amount of the shareholdings. 
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